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ABSTRACT
We present photometric observations of an apparent Type Ia supernova (SN Ia) at
a redshift of ∼1.7, the farthest SN observed to date. The supernova, SN 1997ff, was
discovered in a repeat observation by the Hubble Space Telescope (HST) of the Hubble
Deep Field–North (HDF-N), and serendipitously monitored with NICMOS on HST
throughout the Thompson et al. GTO campaign. The SN type can be determined from
the host galaxy type: an evolved, red elliptical lacking enough recent star formation
to provide a significant population of core-collapse supernovae. The classification is
further supported by diagnostics available from the observed colors and temporal
behavior of the SN, both of which match a typical SN Ia. The photometric record of
the SN includes a dozen flux measurements in the I , J , and H bands spanning 35 days
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in the observed frame. The redshift derived from the SN photometry, z = 1.7± 0.1,
is in excellent agreement with the redshift estimate of z = 1.65± 0.15 derived from
the U300B450V606I814J110J125H160H165Ks photometry of the galaxy. Optical and
near-infrared spectra of the host provide a very tentative spectroscopic redshift of
1.755. Fits to observations of the SN provide constraints for the redshift-distance
relation of SNe Ia and a powerful test of the current accelerating Universe hypothesis.
The apparent SN brightness is consistent with that expected in the decelerating phase
of the preferred cosmological model, ΩM ≈ 1/3,ΩΛ ≈ 2/3. It is inconsistent with grey
dust or simple luminosity evolution, candidate astrophysical effects which could mimic
previous evidence for an accelerating Universe from SNe Ia at z ≈ 0.5. We consider
several sources of potential systematic error including gravitational lensing, supernova
misclassification, sample selection bias, and luminosity calibration errors. Currently,
none of these effects alone appears likely to challenge our conclusions. Additional
SNe Ia at z > 1 will be required to test more exotic alternatives to the accelerating
Universe hypothesis and to probe the nature of dark energy.
subject headings: supernovae: general — cosmology: observations
1. Introduction
The unexpected faintness of Type Ia supernovae (SNe Ia) at z ≈ 0.5 provides the most
direct evidence that the expansion of the Universe is accelerating, propelled by “dark energy”
(Riess et al. 1998; Perlmutter et al. 1999). This conclusion is supported by measurements of the
characteristic angular scale of fluctuations in the cosmic microwave background (CMB) which
reveal a total energy density well in excess of the fraction attributed to gravitating mass (de
Bernardis et al. 2000; Balbi et al. 2000; Jaffe et al. 2001).
However, contaminating astrophysical effects can imitate the evidence for an accelerating
Universe. A pervasive screen of grey dust could dim SNe Ia with little telltale reddening apparent
from their observed colors (Aguirre 1999a,b; Rana 1979, 1980). Although the first exploration of
a distant SN Ia at near-infrared (near-IR) wavelengths provided no evidence of nearly grey dust,
more data are needed to perform a definitive test (Riess et al. 2000).
A more familiar challenge to the measurement of the global acceleration or deceleration rate
is luminosity evolution (Sandage & Hardy 1973). The lack of a complete theoretical understanding
of SNe Ia and an inability to identify their specific progenitor systems undermines our ability
to predict with confidence the direction or degree of luminosity evolution (Höflich, Wheeler, &
Thielemann 1998; Umeda et al. 1999a,b; Livio 2000; Drell, Loredo, & Wasserman 2000; Pinto &
Eastman 2000; Yungelson & Livio 2000). The weight of empirical evidence appears to disfavor
evolution as an alternative to dark energy, as the cause of the apparent faintness of SNe Ia at
z ≈ 0.5 (see Riess 2000 for a review). However, the case against evolution remains short of
